Two new diorganotin(IV) complexes have been synthesized with a hydrazone derived from furan-2-carbohydrazide and benzoylacetone and characterized both in solid and solution. Antibacterial activity, DNA cleavage and molecular docking have been studied. 
Introduction

1,3-Diketones constitute an important class of compounds, which is used in organic chemistry
for the synthesis of heterocycles [1, 2] and in coordination chemistry as ligand [3] . Moreover, Imines (Schiff bases) can be obtained from condensation of these dicarbonyl compounds and primary amines. The derived Schiff bases have keto-enol tautomerism with strong intramolecular hydrogen bonds (NH…O or N…HO). They are of biological interest, play as synthetic intermediates in organic reactions and act as sensor materials [4] [5] [6] . These compounds can also be used as coordination ligands for transition and non-transition metals; however, less attention has been paid to this type of systems. Recently we have reported synthesis, structural and theoretical studies and antibacterial activities of several Schiff bases derived from condensation of -diketones with aminophenol derivatives and their complexes with transition metals and organotins [7] [8] [9] [10] [11] [12] . In continuation of our earlier work, we are herein reporting a hydrazonic derivative of a 1,3-diketone and its organotin(IV) complexes. Hydrazone-based Schiff base ligands, and their metal complexes have received much attention because of their potential pharmacological applications [13, 14] . Facile keto-enol tautomerization and the availability of several potential donor sites in these ligands allows and encourages chemists to construct complexes with large structural varieties [15] . Along this line, organotin(IV) complexes of hydrazones have received considerable attention for both structural and biological importance: many of these compounds may interact with biological systems in different ways as bactericides, fungicides, acaricides and industrial biocides [16] [17] [18] [19] [20] [21] . Recently these compounds have been used in new contexts as in cancer chemotherapy [22, 23] . In view of a few reports on organotin(IV) complexes of hydrazones derived from 1,3-diketones [24] [25] [26] [27] [28] , it was considered worthwhile to investigate the synthesis, structural aspects and biological properties of hydrazonic derivatives of 1,3-diketones and their organotin complexes. In the present paper, 2-furancarboxylic acid hydrazone derivative of benzoyl acetone and its dimethyl-and diphenyltin complexes have been synthesized. The solution and solid state structures as well as biological properties of ligand and complexes are reported. In order to elucidate the interaction mechanisms for these compounds, we performed In Silico experiments using molecular dynamic and docking.
Experimental
Materials and methods
All starting materials were purchased from Merck while diphenyltin dichloride was supplied from Acros Company and were all used as received. All solvents were of reagent grade and used without further purification. IR spectra were obtained using a FT BOMEM MB102 spectrophotometer. The 1 H, 13 C and 119 Sn NMR spectra were recorded with Bruker Avance
Ultrashield spectrometers using TMS and SnMe 4 as references, respectively.
Synthesis of the ligand (1)
A solution of furan-2-carbohydrazide (0.630 g, 5 mmol) and benzoylacetone (0.81 g, 5 mmol) in ethanol (30 mL) was refluxed for 4 h. Cubic white single crystals were obtained after standing the solution for 3 days at room temperature (1a 
Synthesis of Ph 2 SnL (3)
To solution of ligand (0.067 g, 0.25 mmol) in ethanol (5 ml), triethylamine (0. Figure 5 for numbering).
X-ray crystal structure determination
X-ray data were collected on a Bruker Apex II diffractometer using MoK radiation. The structures were solved using direct methods and refined using a full-matrix least squares procedure based on F 2 using all data [29] . Hydrogen atoms were placed at geometrically estimated positions. Details relating to the crystals and the structural refinements are presented in Table 1 . Full details of crystal data and structure refinements, in CIF format, are available as Supplementary Materials.
Antibacterial tests
The in vitro antibacterial activity of ligand and its corresponding organotin(IV) complexes was studied against two The inhibition zone diameters around each disk were measured in mm. In order to compare the results, the effect of standard antibiotic discs including Vancomycin, Streptomycin, Penicillin, Nalidixic acid and Gentamicin were studied as previously mentioned.
Gel electrophoresis assay
The bacterial DNA was extracted by boiling method [31] . For this purpose, 1mL of bacterial suspension was centrifuged at 10000 rpm for 10 min. The precipitate was dissolved in 1 mL of sterile distilled water and boiled for 15 min at 100°C. A centrifuge at 5000 rpm for 1 min was then performed and the supernatant was harvested. Cold ethanol was added to this supernatant at 2.5 V/V and remained overnight at -20°C. The DNA was precipitated by centrifugation at 13000 rpm for 10min. Finally the precipitate was dissolved in 100 μL of DNase free sterile water. DNA was stored at -20°C till experiments. A 20 mg/mL solution of each compound in CHCl 3 was prepared and 100 μL of this solution was mixed with 100 μL of DNA solution and incubated at 37 °C for 2h. A positive control was prepared through mixing 100 μL of H 2 O 2 with 100 μL of DNA and treated as same as previously described. Furthermore, an untreated DNA was regarded as negative control. For finding if the DNA was affected by compounds, agarose gel electrophoresis was performed. One percent agarose was prepared in TAE buffer and boiled.
DNA safe stain was added to the gel and poured in horizontal electrophoresis tray 0.5 μL of each treated DNA was mixed with 2μL of loading dye and loaded in agarose gel. A 1Kb DNA ladder was also loaded in a well. Electrophoresis was done at 100 V for 50 min. The gel was documented under UV irradiation by UVI/TEC gel documentation.
Molecular Dynamic and Docking experiment
In in Excel and SPSS softwares. P-value under 0.05 was used as criteria of significance throughout our analysis.
Results and Discussion
The acylhydrazone used in this work has been obtained from reaction of furan-2-carbohydrazide (2-furancarboxylic acid hydrazide) and benzoylacetone. Rateb et al. reported that the initial product of the condensation of benzoyl acetone and aroyl hydrazones is predominantly the enolimino form rather than the ketoenamine form and the former on cyclization gives a 5-hydroxypyrazoline derivative which may exhibit ring-chain tautomerism in solution [32] . Figure   1 show the synthesized acylhydrazone in cyclic and several chain tautomeric forms. Compound 1 was obtained as anhydrous and hydrated and both forms were characterized by X-ray diffraction analyses. The new complexes 2 and 3 were prepared by reaction of R 2 SnCl 2 [R = Me (2) and Ph (3)] with hydrazone ligand in ethanol in the presence of a base to force the deprotonation of the ligand. The new complexes were characterized by elemental analysis and IR, 1 H, 13 C and 119 Sn NMR spectroscopy. The crystal structure of SnMe 2 L (2) has been also determined by X-ray diffraction.
Spectroscopic studies
The ligand exists exclusively in cyclic form in solid state as evidenced from comparison of its IR data with that of similar benzoylhydrazones [33] and as also confirmed from X-ray crystallography. In the IR spectrum of 1 a broad band observed at 3396 cm -1 has been assigned to OH stretching vibration. Two strong bands appearing at 1640 and 1626 cm -1 are attributed to amido carbonyl and azomethine stretching mode, respectively. The CH 2  bending vibration is observed at 1434 cm -1 , and CO stretching and OH bending modes correspond to bands at 1318
and 1163 cm -1 , respectively. In the IR spectra of organotin complexes the absence of any bands [34] . On the basis of the chemical shifts observed empirically for phenyltin(IV) and methyltin(IV) complexes [7] [8] [9] [10] [36] [37] [38] [39] , the coordination number of tin for both 2 and 3 is five in CDCl 3 .
Crystal structures of 1 and 2
Slow evaporation of ethanol or methanol solutions of compound 1 give single crystals of its anhydrous (1a) or monohydrate (1b) forms, respectively. The structure of the anhydrous 1a has been reported previously [40] , while the monohydrate 1b structure is new. The crystal structure of 1b will be discussed here in detail while the structure of 1a will be only considered for comparison analysis. Relevant crystallographic information and selected bond distances and angles for 1b are reported in Tables 1 and 2 , respectively.
In both crystal structures (1a and 1b) the ligand molecule is present in its cyclic form as also observed in solution by 1 H NMR spectroscopy. In the cyclic form the molecule is chiral for the presence of an asymmetric carbon atom and both anhydrous and monohydrate forms crystallize in the centrosymmetric monoclinic space group P21/c as racemic mixtures of R and S enantiomers.
The asymmetric unit of 1b contains one ligand molecule and one water molecule and its ORTEP representation with the atomic numbering is shown in Figure 3 . The more relevant differences between the two crystal structures concern the hydrogen bonding involving the molecules. The anhydrous 1a show intermolecular hydrogen bonding between the hydroxyl group and carbonyl oxygen that led to the coupling of two adjacent molecules through a (4) ring (Figure 2 ). This pattern shows the peculiar bifurcated hydrogen bond [41] with OH…O=C of 2.04 Å (intra-) and 2.47 Å (intermolecular) observed in similar compounds [42, 43] . This fact is supported by the absence of any hydrogen bonding involving the oxygen atom of the furan ring. Disorder is also present on the methyl group with occupancy of 18%-82% . The minor component has been removed from ORTEP shown in Figure 2 . Contrary to 1a, there is no CH/O disorder of the furan ring in 1b that, however, still continue not to be involved in hydrogen bonding. A 50%-50% disorder on the CH 3 group is present that has been removed from ORTEP shown in Figure 3 . Other significant differences between the crystal structures of 1a and 1b are not evident. Within the pyrazoline ring of 1b the double bond is located on the N(2)C (8) bond (1.2786(17) Å, see Table 2 to be compared with 1.2774(16) for 1a). The dihedral angle between the five membered rings is 4.74(8)° in 1b and 1.84(9)° in 1a. The deviations from planarity is 0.002 Å (furan) and 0.033 Å (pyrazoline) in 1b and 0.003 Å and 0.059 Å in 1a. Figure 5 shows an ORTEP view with the atomic numbering scheme for compound Me 2 SnL (2). Crystallographic information and selected bond distances and angles are given in Table 2 Table 3 ). As in the structure of 1a, the CH 3 group and the furan ring of the ligand show disorder of 20%-80% and 45%-55% occupancies, respectively. Only the major components have shown in Figure 5 .
Antibacterial studies
The Table 4 . An inhibition zone diameter over 7 mm indicates that the ligand and its phenyltin complex are active against all bacteria under investigation [45] . Compound 1 exhibits moderate activity only in high concentration. In general the antibacterial activity of the Schiff bases may be attributed to OH and the imine group which interacts with active biological centers impairing normal cellular processes [46] . Complex 3 exhibit more inhibitory effects than the parent ligand, while almost no antibacterial effect was observed for complex 2. More inhibitory effects of 3 than the parent ligand may be due to electron delocalization over the whole chelate ring which increases the lipophilicity of molecule (chelation theory) [45, [47] [48] [49] and also because of the biological activity effects of diphenyltin moiety. The higher activity of diphenyltin than dimethyltin complex may also be attributed to the lipophilicity increased by the presence of two phenyl groups [50] . Generally, biological activity of organotin complexes is influenced both by donor ligand and by the number and nature of the organic groups bound to tin. The mechanism is still unknown; however, since permeability across the bacterial cell wall is necessary for the effectiveness of the biocide compounds, therefore lipophilicity is an important factor that increasing the solubility of molecule in lipids facilitates microorganism membrane crossing.
With regard to the data published earlier, within the diorganotin(IV) class, the highest activity is exerted by the [Et 2 Sn(IV)] 2+ and [Ph 2 Sn(IV)] 2+ complexes [51] . On the other hand, di-phenyltin(IV) derivatives often are less toxic than other di-organo-tin(IV) derivatives [52] [53] [54] . It is interesting that 3 has remarkable activity towards P. aeruginosa while, the bacteria of the genus
Pseudomonas are a group of resistant microorganism that many standard drugs were found to have no activity against it [55, 56] .
DNA damage studies
The synthesized compounds have been investigated for their DNA cleavage activity by agarose gel electrophoresis method. Figure 6 represents the electrophotogram for the cleavage activity of the 1-3 on the isolated DNA of B. subtilis and P. aeruginosa compared to the control DNA of bacteria. The results show that 2 and 3 have no significant effects on DNA structure due to the fact that the whole genomic DNA of B. subtilis and P. aeruginosa treated with these compounds formed a sharp band in agarose well. With regard to the results of antibacterial activity (Table 4) , it can be concluded that 3 can inhibit bacterial growth and multiplication by affecting bacterial cell envelope or possibly interfering with metabolic pathways whereas, it is not harmful for DNA structure. The compound 1 in this experiment had considerable destructive effects on isolated DNA of P. aeruginosa, while it showed no apparent inhibitory effect against corresponding bacteria (Table 4) 
Molecular Docking experiments
Our docking experiments indicate that the free ligand, unlike complexes, intercalates to DNA via its major groove and positions its hydroxy and keto groups toward N-glycosidic linkage of nucleotides and phosphordiester bonds. Because of the ligand potential to attack these bonds, the damage seen in our DNA cleavage experiments could be interpreted easily. Considering higher binding energy (p-value < 0.001) for 3 in contrast 2, the more antibacterial effect of 3 could be easily understood. Table 1 Crystallographic and structure refinement data for 1b and 2 Table 2 . Selected bond lengths (Å), bond angles () and torsion angles () for 1b Table 3 . Selected bond lengths (Å), bond angles () and torsion angles () for 2 Table 4 Antibacterial activity data of ligand and its organotin(IV) complexes Table(s) 
Conclusion
